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Salinity is a major abiotic stress that greatly affects plant growth and crop 
production. Most trees and crop plants are sensitive to salty conditions. 
Sodium ions are toxic to plants because of their adverse effects on potassium 
nutrition, cytosolic enzymes activities, photosynthesis and metabolism. 
Mangrove plants are good models to study plant tolerance to salinity as they 
possess salinity tolerance genes that allow them to survive under with high 
salinity conditions. The objectives of this study are to identify, isolate and 
characterize salinity tolerance genes from a mangrove plant, Acanthus 
ebracteatus using expressed sequence tag (EST) and bacterial functional 
assay approaches. 
The leaves of A. ebracteatus were collected from the mangrove area at 
Morib, Selangor. Total RNA was isolated from the leaves of A. ebracteatus, 
and a cDNA library was constructed from cDNA fractionated between 500 to 
5,000 bp. A total of eight hundred sixty four randomly selected clones were 
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isolated from the primary cDNA library from which 521 clones were 
sequenced. Among these ESTs, 138 of them were assembled into 43 contigs 
whereas 383 were singletons. A total of 349 of these ESTs showed significant 
homology to functional proteins and 18 % of them are particularly interesting 
as they correspond to genes involved in the stress response. Some of these 
clones, including mannitol dehydrogenase, plastidic aldolase, secretory 
peroxidase, ascorbate peroxidase, and vacuolar H'-ATPase, may be related 
to salinity tolerance mechanisms such as osmotic homeostasis, ionic 
homeostasis and detoxification. 
In this study, a bacterial functional assay was also performed to identify 
cDNAs that confer salinity tolerance. A total of 120 salinity tolerant candidate 
genes from A. ebracteatus were isolated from 2 X YT medium supplemented 
with 400 mM NaCl and sequenced. Among these clones, 27 of them may be 
related to salinity tolerance such as manganese superoxide dismutase (Mn- 
SOD), putative salt tolerance protein, glutathione S-transferase, etc. The 
results showed that plants and bacteria may share some similar mechanisms 
for salinity tolerance. 
A total of six cDNA clones from A. ebracteatus were fully sequenced and 
three of them were characterized by Southern hybridization and Northern 
hybridization. Clone A290 encoded a putative plastidic aldolase that may be 
involved in osmoprotection by converting triose phosphate into hexose. This 
gene was found to be expressed predominantly in the leaves of A. 
ebracteatus. There may be more than one family member of plastidic 
aldolase in A. ebracteatus. Meanwhile, clone A303 was found to be a putative 
H'-ATPase, an enzyme known to play an important role in ion homeostasis, a 
salinity tolerance mechanism. This gene most probably exists as a single 
copy gene in A. ebracteatus. The expression of H'-ATPase was detected in 
all tissues of A. ebracteatus. Clone A325 encoded a putative 
monodehydroascorbate reductase which is involved in the detoxification 
mechanism. This gene was also expressed in all tissues and is most probably 
a single copy gene in the genome of A. ebracteatus. 
Sequence analysis of the putative salinity tolerant cDNAs isolated by bacterial 
functional assay and ESTs suggested that the salinity tolerance mechanisms 
in A. ebracteatus may involve ion homeostasis, osmotic homeostasis, 
detoxification and other supporting mechanisms. 
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Kegaraman (salinity) merupakan tekanan abiotik utama yang amat berkesan 
terhadap pertumbuhan pokok dan penghasilan tanaman. Kebanyakan pokok 
dan tanam-tanaman adalah sensitif terhadap keadaan yang masin. Ion 
natrium adalah toksik kepada tumbuhan disebabkan kesan yang buruk 
terhadap nutrisi potassium, aktiviti enzim sitosolik, fotosintesis dan 
metabolisma. Pokok bakau merupakan model yang baik untuk mengkaji 
ketahanan tumbuhan terhadap garam kerana mereka mempunyai gen 
ketahanan terhadap garam yang membolehkannya hidup di dalam 
kegaraman yang tingyi. Tujuan kajian ini adalah untuk mengenalpasti, 
memencilkan dan mencirikan gen ketahanan terhadap garam daripada pokok 
bakau, Acanthus ebracteatus dengan mengg unakan 'expressed sequence 
tag' (EST) dan pendekatan esei bakteria berfungsi. 
Daun A. ebrecfeetus tetah dikumputkan daripada kawasan hutan bakau di 
Morib, Selangor. RNA telah diekstrak daripada daun A. ebracteatus dan 
perpustakaan cDNA telah dibina daripada fraksi cDNA di antara 500 ke 5000 
bp. Sejumlah 864 klon telah dipilih secara rawak dan dipencilkan daripada 
perpustakaan cDNA primer di mana 521 klon telah dijuzuk. Di antara EST 
tersebut, 138 daripadanya wujud sebagai 43 kontig dan 383 yang selebihnya 
adalah singleton. Sebanyak 349 daripada EST ini menunjukkan homologi 
yang berkesan terhadap protein yang berfungsi dan 18 % daripadanya amat 
menarik kerana berhubungkait dengan gen-gen yang terlibat dengan tindak 
balas tekanan. Di antara klon-klon ini termasuk mannitol dehidrogenase, 
plastidik adolase, sekretori peroksidase, askorbat peroksidase, vakuolar H'- 
ATPase, yang mungkin berhubungkait dengan homeostasis osmotik, 
homeostasis ionik dan detoksifikasi. 
Di dalam kajian ini, esei bakteria berfungsi dibuat untuk memencilkan cDNA 
yang mempunyai ketahanan terhadap garam. Sebanyak 120 gen yang 
menunjukkan ketahanan terhadap garam daripada A. ebracteatus telah 
dipencilkan daripada media 2 X YT yang mengandungi 400 mM NaCl dan 
analisis jujukan telah dibuat. Antara klon-klon ini, 127 daripadanya mungkin 
berhubungkait dengan protein ketahanan garam, glutathione S-transferase 
dan sebagainya. Keputusan menunjukkan bahawa tumbuhan dan bakteria 
berkongsi sesetengah mekanisma yang serupa di dalam ketahanan terhadap 
garam. 
Sebanyak enam cDNA klon daripada A. ebracteatus telah jujuk sepenuhnya 
dan tiga klon cDNA telah dicirikan dengan menggunakan penghibridan 
'Southern' dan 'Northern'. Klon A290 yang mengkodkan plastidik adolase, 
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mungkin terlibat di dalam 'osmoprotection' dengan mengubahkan trios fosfat 
kepada heksosa. Gen ini dizahirkan dengan banyaknya pada daun A. 
ebracteatus, dan didapati mungkin lebih daripada satu salinan dalam A. 
ebracteatus yang tergolong dalam keluarga yang sama. Manakala klon A303 
merupakan putatif H'-ATPase, yang memainkan peranan penting di dalam 
homeostasis ion di dalam mekanisma toleransi terhadap garam. Gen ini 
berkemungkinan besar wujud sebagai satu salinan. Pengzahiran H'-ATPase 
telah dikesan pada semua tisu A. ebracteatus. Klon A325 yang mengekodkan 
putatif monodehidroaskorbat reduktase mungkin terlibat mekanisma nyah- 
toksik. Gen ini juga dizahirkan di dalam semua tisu dan berkemungkinan 
besar adalah salinan gen tunggal di dalam genom A. ebractreatus. 
Analisa jujukan putatif cDNA yang berketahanan terhadap garam yang 
dipencilkan melalui esei bakteria berfungsi dan EST mencadangkan bahawa 
mekanisma ketahanan terhadap garam di dalan A. ebracteatus mungkin 
melibatkan hemoestasis ion, homeostasis osmotik, detoksifikasi dan 
mekanisma sokongan yang lain. 
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Salinity is one of the major abiotic stresses that affects plant growth and 
productivity globally. Salt stress can lead to changes in development, growth 
and productivity, and severe stress may threaten survival. High salinity 
causes both hyper osmotic and hyper ionic stress effects, and the 
consequence of these can be lethal to the plants. Therefore, a better 
understanding of the mechanisms that enable plants to adapt to salinity 
stress and to maintain growth will ultimately help in selection of stress 
tolerant cultivars for planting in saline soil. 
In addition, due to the increased demand for food crops and plant products, 
the use of irrigated agriculture in the world has increased during the past 35 
years (Chaturvedi, 2000). The rapid expansion in irrigation combined with the 
increase use waters containing high salt have led to the decrease in crop 
productivity, which is primarily due to salinity stress. 
Mangroves represent the dominant soft bottom plant communities of the 
marine-terrestrial transition in tropical and subtropical regions. The mangrove 
species are members of terrestrial families that have adaptations to survive 
under conditions of high salinity, low oxygen and nutrient availability in the 
soil (Pernetta, 1993). Mangroves are divided into two distinct groups on the 
basis of their salt management strategies. One is "secreters" which have salt 
glands or salt hairs and the other is "non secreters" lacking such 
morphological features for excretion of excess salt. The Acanthus 
ebracteatus is included in the first group. 
Acanthus. spp is also known as Sea holly, holly mangrove, and "jeruju putih" 
(Malay). A. ebracteatus grows on the mud near the tide mark, often on mud 
lobsters mound. It can grow equally well under trees and in open areas, the 
plant can sometimes cover a large area and form thickets. The most striking 
feature of mangrove plant species is their ability to tolerate NaCl found in 
seawater up to the 500 mM level (Takemura et a/., 2000). 
In order to elucidate salt tolerance mechanisms in higher plants, numerous 
key factors have been cloned such as late embryogenesis abundant protein 
(LEA) (Xu et a/., 1 996), P5CS (Kishor et a/., 1995), DREBIA (Kasuga et a/., 
1999), and AtNHXl (Apse et a/., 1999). In contrast, the mechanisms that 
explain how plants can grow in saline conditions are still unclear. In order to 
grow under salinity stress, the mangrove plants must have acquired some 
proteins essential for salt tolerance mechanisms during their evolution. 
Recently, many reports addressing the mechanisms of mangrove plants at 
organ level were available (Werner and Stelzer, 1990). However, there were 
few reports about their mechanisms at molecular level because only a few 
model systems are available to analyze these mechanisms (Yamada et a/., 
2002). Therefore, it is necessary to carry out molecular genetic studies on 
mangrove. 
